Indonesian tempeh, a protein-rich vegetarian food, is one of the world's first meat analogs. Mycelia of molds belonging to Rhizopus overgrow hydrated, dehulled, and partially cooked soybeans, knitting them into a firm cake, which can be sliced and deep-fat fried or cut into cubes and used in place of meat in soups (4, 10, 12) . In addition, it is one of the first vegetarian foods shown to contain nutritionally important amounts of vitamin B-12 essential for proper formation of erythrocytes and prevention of pernicious anemia (8, 13) .
Indonesian fermented foods related to tempeh are ontjom (oncom) and bongkrek, made by fermenting, respectively, peanut and coconut presscakes with the mold Neurospora sitophila (9, 11, 13) .
Foods derived from plants are thought to be devoid of vitamin B-12. Darken (1953) found low levels of vitamin B-12 in a few plants, but attributed the B-12 to contaminating microorganisms. Thus, soybeans would not be expected to contain vitamin B-12.
Generally, vitamin B-12 production is limited in nature to procaryotes. Bacteria of Propionibacterium, Pseudomonas, and Clostridium and of some of Streptomyces produce vitamin B-12 (6) . Production of vitamin B-12 by molds is controversial. Generally, vitamin B-12 is not produced by eucaryotes. Nicholas (5) reported some production ofvitamin B-12 byAspergillus niger. Soybeans. Harosoy soybeans were used in all sample preparations, unless otherwise specified. Preparation of tempeh and inoculum using petri dish cultures. Pyrex petri dishes (90 by 15 mm) were used as fermentation containers. Soybeans were soaked in distilled water for 2 h at 70°C. A 50-g portion of soaked soybean cotyledons dehulled by hand were added to each dish and autoclaved for 15 min at 1210C. The cooled, sterile soybean cotyledons were inoculated with the appropriate culture(s). For tempeh inocula, the appropriate pure mold as a slant culture on potato dextrose agar (Difco) or crude pulverized tempeh was used as inoculum. Tempeh fermentations were then incubateU at 37°C for 18 to 20 h, at which time the soybean cotyledons had been completely overgrown with the white mold mycelia. For tempeh inocula, the tempehs were incubated for 24 h at 370C, at which time black spores were formed.
AU tempehs and tempeh inocula were then freezedried, pulverized in a sterilized Braun powder mill, and stored at 70C. About 0.5 g of each freeze-dried, pulverized tempeh was extracted for its vitamin B-12 content, using the cyanide method of Skeggs (7), and assayed for vitamin B-12 content.
Vitamin B-12 assay. Vitamin B-12 content was determined by microbiological assay, using L. leichmannii (ATCC 7830) as the assay organism (1).
Tempeh samples assayed for vitamin B-12 content. Toronto tempeh was purchased frozen in a store in Toronto, Canada, and was freeze-dried. Indonesian tempeh was purchased in a market in Malang (East Java), cut into small pieces, sun-dried, and shipped by air to Cornell University, Ithaca, N. Y.
Indonesian tempeh was bought from a food peddler in Malang (East Java), cut into small pieces, ovendried at 1000C for 1 h, and brought to the United States by the senior author. Tempeh made in California was received in frozen form and freeze-dried. All the dried samples were ground to a fine powder in a powder mill (Braun) and stored at 70C until analyzed.
Tempehs produced with pure mold cultures. Petri dish cultures were inoculated individually with one of the following pure molds: Rhizopus species (Toronto), Rhizopus species (Indonesia), Rhizopus oligosporus (NRRL 2710), or uninoculated soybeans (control).
Tempehs produced using bacterial fermentation during soaking of soybeans. Soybeans for all samples were dried, dehulled, and pulverized. For sample 1 (control), soybeans were unfermented and unsoaked. For sample 2, soybeans were soaked for 15 h at 300C (pH fell from 6.0 to 5.5). For sample 3, soybeans were soaked for 2 h at 700C (no fermentation; no pH change). Soybeans in samples 2 and 3 were dehulled by hand, placed in petri dishes, autoclaved for 15 min at 1210C, cooled, and inoculated with R. oligosporus (NRRL 2710).
Tempeh produced with Toronto tempeh as a crude inoculum versus that with Rhizopus species (Toronto) as a pure inoculum. Petri dish cultures were inoculated individually with either 50 mg of freeze-dried, pulverized crude Toronto tempeh (sample 1) or 50 mg of freeze-dried, pulverized pure Rhizopus species (Toronto) tempeh (sample 2).
The isolated bacterium was inoculated into BHI broth (Difco) and incubated at 370C for 13 to 15 h. Petri dish cultures were inoculated individually with one of the following: 1 ml of sterile BHI broth and 50 mg of pulverized pure Rhizopus species (Toronto) tempeh (control) (sample 1); 1 ml of the BHI culture of the isolated bacterium (sample 2); or 1 ml of BHI culture of the isolated bacterium and 50 mg of pulverized pure Rhizopus species (Toronto) tempeh (sample 3).
Tempehs produced with the isolated bacterium and varieties of soybeans. The varieties of soybeans used were Harosoy, Rampage (yellow or black seedcoat), and yellow or black soybeans from Indonesia (variety unknown). The isolated bacterium was inoculated into BHI broth and incubated at 370C for 13 to 15 h. Each petri dish culture was inoculated with 1 ml of BHI culture of the isolated bacterium and 50 mg of pulverized pure Rhizopus species (Toronto) tempeh.
Tempeh produced by a pilot-plant method using the isolated bacterium to increase vitamin B-12 content. The method of tempeh production outlined by Steinkraus et al. (12) was used with some modification. The isolated bacterium was inoculated into BHI broth and incubated at 370C for 13 to 15 h. Soybeans were soaked in distilled water for 2 h at 700C and dehulled by hand. The soybean cotyledons were then cooked in acidified water (0.85% lactic acid) for 90 min. The water from cooking the soybeans was drained, and 50-g portions of the cooled cotyledons were placed in petri dishes, which were inoculated individually with one of the following: 50 When the freeze-dried, pulverized Toronto tempeh was used as a crude inoculum for tempeh fermentation, an appreciable quantity of vitamin B-12 was produced (66.00 ng/g), as compared to the control tempeh (0.47 ng/g), in which pure Rhizopus species (Toronto) was used as inoculum (Table 3) . When the bacterium from the Toronto tempeh was isolated and purified, reinoculation ofthis bacterium into sterile soybean substrate yielded a high vitamin B-12 content (148.00 ng/g, Table 4 ). The presence of the mold, together with the bacterium, did not significantly (by the ttestatthe 5% level of significance) enhance or inhibit the vitamin B-12 production. Apparently, this gram-negative, isolated bacterium is not sensitive to the antibacterial compound produced by the mold during the tempeh fermentation (14) .
On the basis of the above evidence, it is possible that bacteria similar to the isolated bacterial species may be responsible for vitamin B- (Table 5) .
Although the amounts of vitamin B-12 produced by the bacterium on different varieties of soybeans (Harosoy, Rampage, Indonesian yellow, and Indonesian black) varied from 86.00 to 150.00 ng/g, there is no way of accounting for the differences unless they may be related to the cobalt concentrations in the beans. Vitamin B-12 requires about 4% of its molecular weight in the form of cobalt.
Steinkraus et al. (12) reported that the mold is the essential microorganism in tempeh fermentation. and the pure mold culture produced 
